Diaper dermatitis (DD) is one of the most common skin conditions that infants suffer from and their caregivers manage in the first months post-birth. As such, questions of effective prevention and treatment of the condition often arise.
| INTRODUCTION
Diaper dermatitis (DD), also termed napkin dermatitis or diaper rash, is a non-specific term used to describe inflammatory reactions of the skin within the diaper area. 1 The word "diaper" is included in the name not because the diaper primarily causes the dermatitis, but rather because the dermatitis is associated with a combination of factors within the diapering area, including prolonged overhydration, friction, and the presence of irritants in urine and feces. 1, 2 Knowledge of the complex etiology of DD is key to effective prevention and management. The aim of this article is to address facts behind commonly asked questions from caregivers regarding DD and to discuss effective skin care practices and measures to minimize causative factors, and thus prevent and control the condition.
| PREVALENCE AND BURDE N OF DIAPER DERMATITIS
DD is one of the most common skin conditions in neonates and infants and can cause discomfort and stress for both infants and their caregivers. 3, 4 The reported incidence and prevalence of DD in current literature and throughout the world varies greatly. 5, 6 Approximately 50% to 65% of babies will suffer from diaper rash at some time. 7 DD prevalence allegedly reaches its peak at around nine to twelve months of age. 4 DD can range in severity: out of a given pool of patients with DD, reportedly 58% have a slight rash, 34% a moderate rash and 8% a severe rash. 3, 4 Seven percent of parents whose babies have diaper rash visit a primary care physician.
substances. 8, 16, 20 These factors predispose the skin to microbial invasion and inflammation. 5 Particularly Candida albicans and bacte- 
NONMEDICAL SKINCARE PRACTICES
Management of DD is based on two major objectives: acceleration of healing of damaged skin, and prevention of a recurring rash. 3 Key to preventing and managing DD is knowledge of its etiology and elimination of causative factors (Table 1) . 20 Thus, an important factor in the prevention and treatment of diaper rash is parent education and support. In most cases, the management of DD involves general skin care measures (eg, frequent diaper changing, air exposure, gentle cleansing), choice of diapers, and use of topical barrier preparations. 1 European roundtable meeting recommendations on best practices in infant skin care were recently published, which provide guidance on bathing and cleansing, diaper care, and use of emollients. 33 The evidence base and strength of these recommendations was assigned using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system.
33,34
| Skin care -bathing and cleansing
Good hygiene is necessary to prevent skin barrier breakdown. Newborn bathing can be performed without harming the infant, provided basic safety procedures are followed. 33 Bathing is preferable to washing with a cloth. Soap-free liquid cleansers, appropriately formulated for the skin of newborns and infants may be used for bathing, 33 as there is clinical evidence to support efficacy of emollients in improving skin barrier function and preventing DD. 35 The formulation of the ideal liquid cleansers or emollients should be either pH neutral or acidic, and contain only ingredients approved for babies by regulators, such as the U.S. Food and Drug Administration or the European Medicines Agency. 33 
| Wet wipes
A number of studies in current literature have directly compared the effect of cotton wool and water versus baby wipes on clinical skin parameters and skin barrier function. 7, 13, 36, 37 Visscher et al compared two diaper wipes with cloth and water (n = 131 neonates in the neonatal intensive care unit); perineal erythema and transepidermal water loss (TEWL) were significantly lower for both wipes compared to cloth and water. 36 Garcia Bartels et al compared baby wipes with cotton wool and water in a study in 44 full-term newborns; significantly lower TEWL was found in the buttock area in the group using baby wipes compared to water. A physiological course for stratum corneum hydration (SCH) and skin pH in diapered and non-diapered areas and a comparable skin condition and microbial colonization were observed in both groups. 13 In a large randomized controlled study in 280 full-term newborns using specially formulated baby wipes or water and wash cloth, Lavender et al found no difference in severity of DD and development of skin functional parameters, such as TEWL, SCH, and skin pH, between the groups. 37 Available data suggest that baby wipes do not harm or disturb physiological skin barrier maturation. 7 Currently, a plethora of baby wipes with different formulations is commercially available. The use of pH buffers in baby wipes, in particular, is important in order to counteract alkaline urine and to 
Furthermore, wipes should be free of potential irritants such as alcohol, non-allergy screened fragrances, essential oils, soap, sub-optimal surfactants, and harsh detergents (eg, sodium lauryl sulfate). 33, 37 Professionals should be aware of allergic contact dermatitis in children in relation to substances used in wet wipes, such as the preservatives methylisothiazolinone (MI), methylchloroisothiazolinone (MCI), bronopol (2-bromo-2-nitropropane-1,3-diol), and iodopropynyl butylcarbamate- 40, 41 As wet wipes could provide an ideal environment for microbial growth, they should contain appropriate, well-tolerated preservatives. 33 
| Topical use of emollients
Skin care has been shown to influence skin barrier function. 10, 12, 15, 42, 43 Barrier emollients in the diaper region are currently widely used in developed countries for prevention and first-line treatment for DD. 6, 8 Barrier creams can protect the diaper area skin by coating the skin surface and by supplying lipids that can penetrate the intercellular spaces of the stratum corneum, thus preventing exposure to moisture and irritants and contributing to stratum corneum repair. 3, 29 Appropriately formulated emollients can be used to support skin barrier function, provided they are applied in a thin layer in the diaper region to avoid occlusion and that care is taken to avoid trapping in the folds, causing dysregulation of evaporation and microbial colonization. 33 At least twice weekly application of emollients should be considered in healthy baby skin. 33 A variety of formulations are available for this purpose, containing zinc oxide, petrolatum, cod liver oil, dimethicone, lanolin, dexpanthenol, and Burow solution, a mixture of aluminium acetate in water. 6, 21, 35 Furthermore, inclusion of emollients on the topsheet of diapers may help to reduce the incidence of erythema and diaper rash. 27 
| Diaper technology
Diaper design and performance has improved notably over the past decades, leading to a decrease in the prevalence and severity of DD. 2, 16, 44 Utilizing the full range of available diaper technology to increase absorbance and decrease irritation and leaking could contribute to preventing DD and to managing the condition should it occur. 44 Superabsorbent polymers, such as cross-linked sodium polyacrylate, in the diaper core form a gel when they come into contact with urine, resulting in reduced skin overhydration and friction, and help to normalize skin pH. 2 They have the capacity to absorb many times their weight in fluid. 35, 44, 45 In a retrospective evaluation of numerous clinical trials, the frequency of moderate to severe DD has been shown to have declined by 50% after introduction of these absorbent gelling materials. 44 In a recent study, Chinese infants wearing modern disposable diapers were shown to experience fewer sleep disruptions compared with infants wearing cloth diapers. 2 In addition, modern superabsorbent disposable diapers have further characteristics, such as a topsheet to absorb urine and liquid feces and an acquisition layer immediately below the topsheet to spread urine laterally and pull it to the superabsorbent core. 2, 3, 8 Outer breathable backsheets consist of microporous membranes, enabling a moisture vapor flux while preventing leaks and thus reducing skin overhydration and occlusion. 20, 44, 46 Materials with increased stretchiness are being used for comfortable fit and reduced friction. 2, 3, 8 A surface layer of barrier emollient transferred to the skin during normal diaper wear can prevent skin barrier damage when skin is exposed to irritants. 8, 17, 47 6 | PREVENTION AND MANAGEME NT -
MEDICAL SKIN CARE PRACTICES
Recalcitrant or severe forms of DD require medical attention with careful evaluation for other causes of irritation in this area, such as allergic contact dermatitis, fungal or bacterial infection with subsequent appropriate treatment. 6, 7, 21, 27, 29, 31 Topical barrier emollients or medications with irritant or allergic potential (eg, containing non-allergy screened fragrances and preservatives) should be avoided. Products containing boric acid, camphor, phenol, benzocaine, and salicylates should also be avoided because of the potential for systemic toxicity and/or methemoglobinemia.
1,48
Depending on age of the infant and severity of DD, low to moderate potency corticosteroids can be considered for a very limited duration in order to reduce the inflammation, irritation, and the associated discomfort due to severe persistent dermatitis. 1 High potency corticosteroids should definitely be avoided due to important local side effects, such as skin atrophy, striae, and tachyphylaxis. In addition, systemic absorption of potent steroids is enhanced in the folds and, especially under occlusive conditions, can lead to hypothalamus-pituitary-adrenal axis suppression, Cushing's syndrome, growth delay, and other side effects in the pediatric patient. Increased skin surface area to body weight ratio compared with adults is also an important factor which should be considered for topical application of medical care. 21, 49 Parents should be trained in using the appropriate amount per dose and body area using the concept of a fingertip unit. 50 When used appropriately, topical low to moderate potency steroids for a limited duration are safe and effective and side effects are generally rare. 50 Ideally, topical steroid therapy in the diaper area should be limited to short courses (maximum of one week) and followed by a steroid holiday and continuous use of emollients and further preventive measures (see nonmedical skin care practices). 21 In case of Candida infection, topical antifungal agents such as nystatin, clotrimazole, miconazole, ketoconazole, or ciclopirox can be applied to the diaper area with every diaper change. 1, 51 Combination with mild topical corticosteroids may be considered to reduce inflammation in more severe cases. 7 Relapse of DD after treatment can be related to recolonization from reservoir sites, concomitant 
